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XXXVIII. Jn Account of further Difcoverks in Air. By 
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LETTER L 

TO SIR JOHN PRINGLE, BART, ?• R. S. 

DEAR SIR, March 15, 1775. 

Recide, May 25, TT AVING beeii pretty fortunate in the 

A J, profecution of my experiments on dif- 
ferent kinds of air, fince the publication of my treatife 
on that fubjeift, I think it due to the attention with which 
yon have from the firll honoured them, to give you fome 
account of what I have lately done* I know that every 
new difcovery, in any branch of natural knowledge, 
gives you pleafure; and it is pecuHarly flattering to me, 
that you confider fome of thofe, whichlhave been happy 
enough to make, in a light of fome importance. As I 
have materials enough for another feparate publication, I 
fliall not trouble the Society with a particular account of 
my obfervations ; but if you think proper to communicate 
to them the following very general account, as a mark 
of my refpe(5t for the Society, as well as for yourfelf, you 
* will 
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will add to the many obligations yon have conferred 
upon me. 

To the marine acid air, which I had difcovered at the 
time of my former publication, I have now added three 
more; viz. the vitriolic, the nitrous, and the vegetable. 
The vitriolic acid air is produced by boiling, moil of vitriol 
any inflammable matter, or almoft any thing that contains 
phlogiJlon\ as oil, camphor, fpirit of wine, charcoal, 
and moft of the metals. For though this acid feems to; 
have no affinity with fome of thefe fubftances when it 
is cold, it afFe6ls them confiderably, and particularly 
t2k.Q% phlogijion from them, when it is hot; and by means 
of the phlogifion^ of which it deprives thern, it is early 
made volatile, fo as to aflume the form of a tranfparent 
air, like that of the marine acid; being as readily im- 
bibed by water, and as readily forming a white cloud 
upon the admiffion of alkaline air. But the affinities 
of the vitriolic acid air with various fubftances, and many 
of the phaenomena attending it, are ftrikingly different 
from, thofe of the marine acid air. I thought it a little 
fingular, that the folution of iron, 7M\Cy and tin, in a di- 
luted vitriolic acid fliould yield inflammable air; and that 
when boiled in the fimie acid concentrated, they fliould 
chiefly yield acid air, which is not at all inflammable,, 
and cannot be confined by waters This, however, is in 
faft the produce of the procefs; and the very fame as^: 
when copper, iilver, or quickfllver is boiled in the fame 
acid. From gold, platina, or lead, I was not able to pro- 
cure any air at all by this means. 
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The vegetable acid air is as eafily proaired from the 
eoncentrated vegetable acid, as the marine acid air is from 
fpirit of fait; and, I think, in greater quantity. This air 
alfo is perfectly tranfparent, is inftantly imbibed by wa- 
ter, and makes a white cloud u|x>n the admiffion of alka- 
line air; though feveral of its properties are exceedingly 
different from thofe of the marine or vitriolic acid airs. 

The nitrous acid I have exhibited in the form of air, 
though only I as it were, for a moment ; fince no fluid, 
that I am acquainted with, is capable of confining it. 
The more I confider the nitrous acid, the more wonderful 
and inexhauftible the fubje€t appears* The kinds of air 
which it forms, according to its various combinations 
with pAkgi^on, are, 1 believe, more numerous than all the 
kinds that can be formed by the other acids. Many of 
the phoenomena which have lately occurred to ray ob- 
fervation relating to it are, to me, altogether inexplica- 
ble; though I i^rceive certain analogies among fome of 
them. Upon this ftibjeit I fliall have a pretty long chap- 
ter. But, to avoid being tedious at prefent, I fliall only 
obferve, that by boiling various hard fubltances contain- 
ing pMogi^on, and efi>ecialiy charcoal, in the nitrous 
acid, I get genuine nitrous air, the very fame that I get 
from the folution of various metals in that acid. At 
the time of my laft publication 1 had not a large burning 
lens; and as the focus of the mirror cannot be thrown 
ii|X)n any thing in the form of a powder, or that requires 
a foli<l fupiK)rt, my experiments with the folar rays were 
ixcceclingly incomplete. I have now procured one of 

twelve 
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twelve inches in diameter; and the ufe of it has more 
than anfwered my higheft expe<£tations. The man- 
ner in which I have nfed it, has been to throw the 
focus upon the feveral fubftances I wifhed to exa- 
mine, cither in vacuoy or when confined by quickfil- 
ver, in veflels filled with that fluid, and Handing with 
their mouths immerfed in it. I prefently foiiud that 
different fubftances yield very different kinds of air by 
this treatment; and though the reafons, or analogies, of 
the different produ6ls, in many of the cafes, be fufH- 
ciently obvious, and fuch asl had conjectured ^^r/or/, 
yet in other cafes I am not a little puzzled and furprized. 
Various metals yield inflammable air by this procefs ; fe- 
veral faline fubftances yield fixed air; many metallic 
calces yield the fame, and fome of them a phlogijiicated 
common air; and fome of the precipitates, in which the 
nitrous acid was employed, yield nitrous air, in one or 
other of its forms. But the moft remarkable of all the 
kinds of air that I have produced by this procefs is, one 
that is five or fix times better than common air, for the 
purpofe of refpiration, inflammation, and, I believe, 
every other ufe of common atmofpherical air. As I 
think I have fufficiently proved, that the fitnefs of air for 
refpiration depends upon its capacity to receive the phlo- 
giflon exhaled from the lungs, this fpecies may not im- 
properly be called, dephhgijlicated air. This fpecies of 
air i firft produced from mercurius calcinatus per fey then 
from the red precipitate of mercury, and now from 
red Isad. The two former of the fubftances yield it 
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pure; fetil dlelfed feadl hw'e generally met with yields 
a greater jproportidn of feced air along with it. Another 
quantity, howettr, gave this air and hardly any thing 
elfe. On wliut this difference depends I cannot tell ; but 
hope to be able to InvefMg^te. That this air is of that 
exalted natt^ite, I firft found by means of nitrous air,. 
which J coftMntly apply as a teft of the fitnefs of any 
kind of air for refpiration, and which I believe to be a 
rnoft accurate and infallible teft for that purpofe. Ap- 
plying thisr teft, I fotmd, to my great furprize, that a 
quantity of this air required about five times as much 
nitrous dr to fa1:urate it, as common air requires. Cbm-^ 
mon air is diminilhed about one-fifth, by a mixture 
of one-half riitrous air; but one quantity of this air was 
diminilhed one-half, and another two-thirds, by the ad- 
dition of tw^ice as much nitrous air; and three times the 
quantity, left it little more than it was at the firft. A 
candle burned in this air with an amazing ftrength of 
flame; and a bit of red hot wood crackled and burned 
with a prodigious rajAdity, exhibiting an appearance 
fomething like that of iron glowing with a white heat, 
and throwing out fparks in all directions. But to com- 
plete the proof of the fuperior quality of this air, I in- 
troduced a moufe into it ; and in a quantity in which, had 
it been in common air, it would have died in about a 
quarter of an hour, it lived, at two different times, a 
whole hour, and %vas taken out quite vigorous; and the 
remaining air appeared to be ftill, by the teft of nitrous 
air, as good as common air. This experiment I alfo re- 
peated. 
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peated, and with nearly the fame fuccefe, with another 
moufe, and another quantity of this air> the virtue of 
which had been impaired. Examining all the degrees 
of the calcination of lead, I found nothing but fixed air, 
or a little phlogifticated common air, till I came to niq/li'^ 
coty which is a ftate that precedes the red lead. This gave 
air about twice as good as common air, and the litharge, 
which follows the red lead, gave fixed again. Roman 
vitriol and fedative fait yielded air which was, as nearly 
as poflible, of the fame degree of purity with common 
air. My conjectures concerning the caufe of thefe ap- 
pearances are as yet too crude to lay before the Society. 
My prefent ideas of the laft mentioned fads are, that, 
together with other obfervations which I ihall lay before 
the publick, they afford ibme foundation for fuppofing, 
that the nitrous acid is the bails of common ^ir, and that 
nitre is formed by a dacompofition of the atmoifphere. 
But it is poflihie I may think otherwife to-morrow. It 
is happy, when with a fertility of invention fufficient to 
raife jfty/^j^/yfe^/^j?, a perfon is not apt to acquire too great 
attachmfent to thi^na. By this mea»s they lead to the dif- 
covery of new fadts> and from a fufficient number of 
thefe the true theory of nature will eafily refult. 

I have made many other original experiments of a 
mifeellaneous nature ; but I ihall not take up your time 
with the mention of them in this place. If this imper- 
foSt communication gives you, or the Society, any fatif- 
fadtion, I fliall be very happy, and ihall be encouraged to 

profecute 
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profecute thefe inquiries as much as my leifure from 
other purfuits will admit. I am, Zee. 
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L E T T E R 11. 

TO THE RBY. PR. PRICE, F. R. S. 

DIAR SIR, April I, 1775. 

AS you are pleafed to intereft yourfelf in my expe- 
ments, I hope it will give you fome pleafure to be 
informed, that, I think, I never was more fuccefsful than 
I have been in the few days that I have been able to at- 
tend to thefe matters, fince my return into the country. 
By the heat of the flame of a candle, and catching the 
air that arifes in the manner defciibed in %• VIIL pL 2. 
in my late Treatife, I get the ptue air I difcovered in Lon- 
don in great plenty, from a variety of cheap materials; 
not only from red lead, but many earthy fubftances 
moiftened with fpirit of nitre ^nd dried, as chalk and 
quick-lime ; which demonftrates that red lead, mercu- 
rius cakinatus per fe^ &c. extraa the nitrous acid from 
the air; and that this acid is the moft eflential among the 
variousingredientswhichcompofetheatmofphere. From 
tobacco-pipe-clay, and fome other things, moiftened with 
fpirit of nitre, I get fixed air; which feems to prove that 
this fpecies of air (which is akind of acid) is amoilification 
of the nitrous acid, and in fome meafure accoxuits for the 

cxiftence 
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exiftence of fo much fixed air in the atmofphere. Ibelieve 
this experiment is the firft inftance of the proper gene- 
ration of fixed air from other principles. What we have 
got of it hitherto has been by diflodging it from fnb* 
ftances, that were fuppofed to contain it. Notwith- 
ftanding red lead yields fo pure an air, paint made with 
it diminilhes common air, and makes it noxious, as much 
as white paint ; which feems to prove, that it is the oil, 
that yields the pMogifion^ which injures the air to which 
itisexpofed. 
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h E T T E R III. 

TO SIR JOHN PRIKTGLE, BART. P. R. $. 

DEAR SIR, London, May 25, 177 5. 

As 1 am defirous to prefent to the Royal Society age- 
neral review of my late obfervations on air, with- 
out troubling them with a detail of my experiments, I 
beg you would lay before them the following particu- 
lars, in addition to thofe contained in the letter which I 
took the liberty to write to you, dated March 1 5, and in 
the extra6t from that to Dr. price, dated April r, 1775 ; 
fubmitting the whole to the difpofal of the Society. 
Vol. LXV. Ggg I have 
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1 have fotind, that the earths of all denomina- 
tions> even the cryftalliae aad the talcky, which are 
thought to be iniblublje in acids, yield a pure depblo* 
^ijikated air^ Virhen treated in the manner mentioned in 
my former letters; but that the calcareous earths, and 
Ibme of the earths of metals, as red lead and the flowers 
of zinc, yield it in the greateft plenty. Upon the 
whole, I think, it mayiafely be concluded, that the pureft 
air is that which contains the leaft ^*%^i?/i; that air is 
impure (by which I mean that it is unfit for refpiration, 
and for the purpofe of fupporting flame) in proportion as 
it contains more of that principle ; and that there is a re- 
gular gradation from dephtogiflicated air^ through com- 
mon air, znd pblogijikated air, down to nitrous air; the 
laft fpecies of air containing the moft, and the firft-men- 
tioned the leall phlogijlon poUible, the common bafis of 
them all being the nitroua acid; fo that all thefe kinds 
of air dijffer chiefly in the quantity oi phlogijlon they con- 
tain ; though with refpeit to nitrous air, there feems to 
be a farther difference in the mode of combination. By 
attiending to the quantity oi phlogijlon contained in the 
fubfhances with which the f]pirit of nitre is mixed, any 
of thefe kinds of air may be produced at pleafure, and 
fbmetimes all the kinds will be prnduced in the diferent 
flages of the fame procefs. White wood-afhes yield an 
exceedingly pure air; but the leafl bit of charcoal in the 
aflies depraves the air ; and if there be much charcoal 
in them, the wholis |wtjduce will be ftron^y nitrous^ 
The phgenomena of detonation (which haabeen a very 

puzzling 
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|)tizzliii^ a|^pe^ranee in chemiftry) sidmit of a vefy €afy 
explication by the help of my late expefimeatSi It k 
generally fupjx^&d, that in this cafe a fulphur is formed^ 
by the union of the nitrons acid and the pMogifton oi 
the body with which it is detonated; which fulphur is 
fo inflammable, that it cannot exifta moment without 
decomix)frtion : and it \m been thought, that m thie pm* 
cefs of making the clyjms of nitre^ the aeid is intii^edy 
deftroyed or changed. But, in both thefe cafes, I haive 
no doubt, that the acid enters into the compofition of 
fome of the kinds of air which are generated upon thofe 
occafions. I once mixed a quantity of the pre of lead 
with fpirit of nitre, and when it was dry, put it into a 
gun-barrel, filled up to the mouth with fand, inoitier 
to collecSl the air that Heat would expel from it, in the 
ufual manner. The production of air was very great 
and rapid; and when the heat became confiderable> aU 
the contents of the gun-barrel were exploded with great 
violence, and a loud report, demolifliing the veflel which 
I had placed to receive the air. The next time, putting 
the fame materials into a glafs vefTel, and difpofing thp 
apparatus in fuch a manner as that the explofion could 
not afFeCl the coUedted air, I found it to be very ftrongly 
nitrous. Such, therefore, I conclude to be the produce 
of the explofion of gun-powder, fince charcoal with fpi- 
rit of nitre yields this kind of air. In the detonation of 
nitre with fubfl:ances that contain little phlogijlon^ the 
acid may form common air, or air much purer than 
that. 
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As I mean thefe letters to contain a general outline of 
what I have lately obferved with refpeiSt to air, I Ihall 
add, that by the favour of that moft intelligent and ge- 
nerous chemift Mr. wolfe, I have lately procured fome 
of that pholphoric fpar, from Mdiich a new mineral acid^ 
firft difcovered in Sweden, is procured. This acid, as 
well as the marine, vitriolic, and vegetable, I throw into 
the form of air, confined by quickfilver ; and thus have 
an opportunity of examining its alSinities with the great- 
eft eafe and certainty. I fhall in this place only obferve 
with refpe6t to it, that this acid air decompofes nitre, but 
not near fo rapidly as the marine acid air ; and that the 
fait which is formed by its union with alkaline air is not 
fenlibly ibluble in water. I am, Sec. 

P. S. Upon fecond thoughts, I am not fo well fatisfied 
with my conjecture, hinted in the letter to Dr. price, 
that fixed air may be a modification of the nitrous acid, 
though the experiment there mentioned feems to make 
it probable. But I lay no ftrefs upon any opinions, far- 
ther than as they jnay lead to the difcovery of new fafts* 
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